dP
These specific binding properties can explain the effective avoidance of dP-induced mutagenesis by the mismatch repair system. We have also studied the effects of the repair system on mutagenesis induced by methylating and ethylating agents.
INTRODUCTION
Mismatch repair is a cellular DNA repair system with a wide substrate spectrum. It can work not only on mismatched base pairs consisting of normal bases, but also on those containing some modified bases, thereby affecting their mutagenesis (1) . The repair process is initiated by the specific binding of MutS protein to mismatches or DNA lesions in Escherichia coli. The crystal structures of complexes of MutS protein with oligonucleotides containing a G-T mismatch have been solved recently (2,3), but the nature of its broad specificity is still unknown.
We have studied the interaction of the mismatch repair system with three mutagenic cytosine analogs, N 4 -
hydroxycytidine and a purine analog, 2-aminopurine ( Fig. 1 ). All these analogs are mutagenic due to their ambiguous base-pairing properties. A^-aminocytidine, dP and N 4 -hydroxycytidine can all base pair with A and G, whilst 2-aminopurine can pair with C and T (4-6). In the E. coli lacZ reversion assay, lack of this repair system increases dPinduced transitions up to 100-fold for GC-to-AT, and 4 to 5-fold for AT-to-GC. GC-to-AT mutant frequencies induced by 2-aminopurine were only 4-to 5-fold higher in mismatch repair-deficient strains than in wild type strains. The effects of mismatch repair on mutagenesis by A^-aminocytidine, and /V-hydroxycytidine were even smaller than for 2-aminopurine (paper submitted).
RESULTS AND DISCUSSION
To study the binding of MutS protein to base pairs containing dP, oligonucleotides containing dP were synthesized, and the dissociation constants of MutSoligonucleotide complexes were estimated by a gel shift assay (7). The results showed that the MutS protein can bind specifically and with high affinity to oligonucleotides containing dP-dG base pairs whilst binding to those containing dP-dA base pairs occurs with a lower affinity as shown in Table 1 . This result is consistent with the observation that GC-to-AT transitions detected by lacZ reversion in tester strain CC102 were very efficiently suppressed by mismatch repair, because the first step of this mutagenesis should be the formation of a dG-dP pair. In contrast, the larger dissociation constant for the oligonucleotides containing dA-dP base pairs may explain the weaker effects of the repair system on AT-to-GC transitions measured in tester strain CC106.
We have also studied the effects of mismatch repair on the alkylated bases. In Drosophila melanogaster, a methylating agent showed stronger genotoxicity than an ethylating agent under conditions producing similar adduct levels (8) . We suspected that the mismatch repair system might be involved in this difference and that methylated bases are more susceptible to the repair system than ethylated bases. Using E. coli CC102 and its mismatch repair deficient derivative CC\Q2mutS as a model system, we have compared the mutagenicities of methylating and ethylating agents. The results showed that methylating agents were more mutagenic than ethylating agents, and that the mutS strain was more susceptible to mutagenesis. Analysis of the binding of MutS protein to duplexes with alkylated bases is now underway. 
